















3UHYLRXV VWXGLHV VKRZHG WKDW RYHU WKH JOREDO RFHDQ WKHUH LV KHPLVSKHULF DV\PPHWU\ LQ
DHURVROVDQGQRQRWLFHDEOHDV\PPHWU\LQFORXGIUDFWLRQ&),QWKHFXUUHQWVWXG\ZHIRFXV
RQ WKH WURSLFDO $WODQWLF R1 ± R6 ZKLFK LV FKDUDFWHUL]HG E\ VLJQLILFDQW DPRXQWV RI
6DKDUDQ GXVW GRPLQDWLQJ RWKHU DHURVRO VSHFLHV RYHU WKH1RUWK$WODQWLF:H IRXQG WKDW E\
FRQWUDVW WR WKH JOREDO RFHDQ RYHU D OLPLWHG DUHD VXFK DV WKH WURSLFDO $WODQWLF VWURQJ
PHULGLRQDO DV\PPHWU\ LQ GXVW DHURVROV ZDV DFFRPSDQLHG E\ PHULGLRQDO &) DV\PPHWU\
'XULQJ WKH \HDU VWXG\ SHULRG -XO\  ± -XQH 1$6$$HURVRO5HDQDO\VLV DND






-XO\ DORQJ WKH 6DKDUDQ $LU /D\HU ZKLFK FRQWULEXWHG WR DERYHPHQWLRQHG PHULGLRQDO &)
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DV\PPHWU\ %RWK 0XOWL$QJOH ,PDJLQJ 6SHFWUR5DGLRPHWHU 0,65 PHDVXUHPHQWV DQG
0(55$HURGDWDZHUHLQDJUHHPHQWRQVHDVRQDOYDULDWLRQVLQPHULGLRQDODHURVRODV\PPHWU\
0HULGLRQDO DV\PPHWU\ LQ WRWDO $27 RYHU WKH $WODQWLF ZDV WKH PRVW SURQRXQFHG EHWZHHQ
0DUFKDQG-XO\ZKHQGXVWSUHVHQFHRYHUWKH1RUWK$WODQWLFZDVPD[LPDO,Q6HSWHPEHUDQG





UDGLDWLYH SURSHUWLHV EHFDXVH RI WKHLU FDSDELOLW\ RI SURYLGLQJ JOREDO FRYHUDJH RQ D UHJXODU
EDVLV3UHYLRXVVWXGLHVXVLQJGLIIHUHQWVSDFHERUQHDHURVROVHQVRUVGLVFXVVHGWKHLGHDWKDWWKH








+VX HW DO  GLVSOD\HG WKH DV\PPHWULF VSDWLDO GLVWULEXWLRQ RI VHDVRQDOO\DYHUDJHG
6HD:L)6 $27 IURP  WR  6HYHUDO VWXGLHV EDVHG RQ WKH 0RGHUDWH 5HVROXWLRQ
,PDJLQJ6SHFWURUDGLRPHWHU 02',6 DQG0XOWL$QJOH ,PDJLQJ6SHFWUR5DGLRPHWHU 0,65
GDWD VKRZHG WKDWDHURVROSDUDPHWHUVDUHGLVWULEXWHGDV\PPHWULFDOO\RQ WKH WZRKHPLVSKHUHV
5HPHU HW DO  .DXIPDQ HW DO D 5HPHU DQG.DXIPDQ  =KDQJ DQG 5HLG
.LVKFKD HW DO   ,Q RXU SUHYLRXV VWXG\ .LVKFKD HW DO $27 GDWD
IURPWKUHHVDWHOOLWHVHQVRUV0,6502',67HUUDDQG02',6$TXDZHUHXVHGLQRUGHUWR
DQDO\]H VHDVRQDO YDULDWLRQV RI PHULGLRQDO $27 DV\PPHWU\ RYHU WKH JOREDO RFHDQ 7KH
DV\PPHWU\ ZDV SURQRXQFHG LQ WKH $SULO±-XO\ PRQWKV ZKLOH WKHUH ZDV QR QRWLFHDEOH
DV\PPHWU\GXULQJWKHVHDVRQIURP6HSWHPEHUWR'HFHPEHU.LVKFKDHWDOPHQWLRQHG
WKDWQRWRQO\WKH1RUWKHUQ+HPLVSKHUHEXWDOVRWKH6RXWKHUQ+HPLVSKHUHFRQWULEXWHGWRWKH
IRUPDWLRQ RI QRWLFHDEOH PHULGLRQDO DHURVRO DV\PPHWU\ 'XULQJ WKH VHDVRQ RI SURQRXQFHG
KHPLVSKHULF DHURVRO DV\PPHWU\ DQ LQFUHDVH LQ $27 ZDV REVHUYHG RYHU WKH 1RUWKHUQ
 
+HPLVSKHUHZKLOH DGHFUHDVH LQ$27ZDVREVHUYHGRYHU WKH6RXWKHUQ+HPLVSKHUH ,WZDV
IRXQG WKDW RYHU WKH JOREDO RFHDQ WKHUH ZDV QR QRWLFHDEOH DV\PPHWU\ LQ PHULGLRQDO
GLVWULEXWLRQRIFORXGIUDFWLRQ
1RWHWKDWWKHDIRUHPHQWLRQHGVWXGLHVRI$27DV\PPHWU\ZHUHEDVHGRQVSDFHERUQHUHPRWH
VHQVLQJ DHURVRO PHDVXUHPHQWV 6DWHOOLWH DHURVRO GDWD FDQQRW XVXDOO\ GLVWLQJXLVK DPRQJ
YDULRXV DHURVRO VSHFLHV LQ WKH DWPRVSKHUH $OWKRXJK VRPH VDWHOOLWH UHWULHYDOV SURYLGH GXVW




7KH 6DKDUD GHVHUW HPLWV GXVW LQ ODUJH TXDQWLWLHV RYHU WKH WURSLFDO $WODQWLF 3URVSHUR DQG
/DPE3UHYLRXVVWXGLHVKDYHVKRZQWKDWGHVHUWGXVWSDUWLFOHVFDQLQIOXHQFHWKH(DUWK¶V
DWPRVSKHUH LQ WKH IROORZLQJ ZD\V GLUHFWO\ E\ VFDWWHULQJ DQG DEVRUELQJ VRODU DQG WKHUPDO
UDGLDWLRQDQGLQGLUHFWO\E\DFWLQJDVFORXGDQGLFHFRQGHQVDWLRQQXFOHL&KRREDULHWDO
DQG UHIHUHQFHV WKHUHLQ 3H\ HW DO  ,W ZDV VKRZQ E\ :LOFR[ HW DO  WKDW WKH
UDGLDWLYH HIIHFW RI 6DKDUDQ GXVW WHQGV WR GUDZ WKH$WODQWLF ,QWHUWURSLFDO &RQYHUJHQFH =RQH
,7&= QRUWKZDUG WRZDUG WKH 6DKDUDQ$LU /D\HU 6$/$OSHUW HW DO  GLVFXVVHG WKH
UHVSRQVHRIWKHDWPRVSKHULFWHPSHUDWXUHILHOGWRWKHUDGLDWLYHIRUFLQJRI6DKDUDQGXVWRYHUWKH
1RUWK $WODQWLF 2FHDQ 'XVW SDUWLFOHV RYHU WKH $WODQWLF 2FHDQ PD\ HVVHQWLDOO\ LQIOXHQFH
WURSLFDOFORXGV\VWHPVDQGSUHFLSLWDWLRQ.DXIPDQHWDOE0LQHWDO%HQ$PLHW
DO)HLQJROGHWDO5RVHQIHOGHWDO
7RRXUNQRZOHGJHRYHU D OLPLWHGRFHDQ DUHDPHULGLRQDO DV\PPHWU\ RI DHURVROV DQGFORXG
IUDFWLRQ UHODWLYH WR WKH HTXDWRU KDV QRW EHHQ LQYHVWLJDWHG VR IDU ,W ZDV RXU SXUSRVH LQ WKH
FXUUHQW VWXG\ WR FRPSDUH PHULGLRQDO DV\PPHWU\ RI DHURVROV DQG FORXG IUDFWLRQ RYHU WKH
WURSLFDO$WODQWLFR1±R6ZKLFKLVFKDUDFWHUL]HGE\VLJQLILFDQWDPRXQWVRI6DKDUDQGXVW
:HGHWHUPLQHGDQGFRPSDUHGWKHFRQWULEXWLRQRIGHVHUWGXVWDQGWKDWRIRWKHUDHURVROVSHFLHV




1$6$ *RGGDUG (DUWK 2EVHUYLQJ 6\VWHP *(26 PRGHO UDGLDWLYHO\ FRXSOHG ZLWK
*RGGDUG&KHPLVWU\$HURVRO 5DGLDWLRQ DQG 7UDQVSRUW *2&$57 DHURVROV$Q LPSRUWDQW
 
SURSHUW\RI*(26LVGDWDDVVLPLODWLRQLQFOXVLRQRIELDVFRUUHFWHGDHURVRORSWLFDOWKLFNQHVV
IURP WKH02',6VHQVRURQERWK7HUUD DQG$TXDVDWHOOLWHV2IFRXUVH$27DVVLPLODWLRQ LV





*(26 LV WKH ODWHVW YHUVLRQ RI WKH 1$6$ *OREDO 0RGHOLQJ DQG $VVLPLODWLRQ 2IILFH
*0$2 (DUWK V\VWHP PRGHO ZKLFK ZDV XVHG WR H[WHQG WKH 1$6$ 0RGHUQ (UD
5HWURVSHFWLYH $QDO\VLV IRU 5HVHDUFK DQG $SSOLFDWLRQV 0(55$ ZLWK ILYH DWPRVSKHULF
DHURVROFRPSRQHQWVVXOIDWHVRUJDQLFFDUERQEODFNFDUERQGHVHUWGXVWDQGVHDVDOW*(26
 LQFOXGHV DHURVROV EDVHG RQ D YHUVLRQ RI WKH*RGGDUG&KHPLVWU\$HURVRO5DGLDWLRQ DQG
7UDQVSRUW*2&$57PRGHO&RODUFRHWDO&KLQHWDO%RWKGXVWDQGVHDVDOW
KDYH ZLQGVSHHG GHSHQGHQW HPLVVLRQ IXQFWLRQV &RODUFR HW DO  ZKLOH VXOIDWH DQG
FDUERQDFHRXV VSHFLHV KDYH HPLVVLRQV SULQFLSDOO\ IURP IRVVLO IXHO FRPEXVWLRQ ELRPDVV
EXUQLQJ DQG ELRIXHO FRQVXPSWLRQ ZLWK DGGLWLRQDO ELRJHQLF VRXUFHV RI RUJDQLF FDUERQ
6XOIDWH KDV DGGLWLRQDO FKHPLFDO SURGXFWLRQ IURP R[LGDWLRQ RI 62 DQG GLPHWK\OVXOILGH
'06DVZHOODVYROFDQLF62HPLVVLRQV$HURVROHPLVVLRQVIRUVXOIDWHDQGFDUERQDFHRXV
VSHFLHV DUH EDVHG RQ WKH $HUR&RP YHUVLRQ  KLQGFDVW LQYHQWRULHV
>KWWSDHURFRPPHWQRHPLVVLRQVKWPO@'DLO\ELRPDVVEXUQLQJHPLVVLRQVDUHIURPWKH4XLFN
)LUH(PLVVLRQ'DWDVHW 4)('DQGDUHGHULYHG IURP02',6 ILUH UDGLDWLYHSRZHUUHWULHYDOV
'DUPHQRY DQG GD 6LOYD  *(26 DOVR LQFOXGHV DVVLPLODWLRQ RI $27 REVHUYDWLRQV
IURPWKH02',6VHQVRURQERWK7HUUDDQG$TXDVDWHOOLWHV7KHREWDLQHGWHQ\HDU-XO\±
-XQH  0(55$GULYHQ DHURVRO UHDQDO\VLV 0(55$HUR GDWDVHW ZDV DSSOLHG WR WKH
DQDO\VLVRIPHULGLRQDODHURVRODV\PPHWU\LQWKHFXUUHQWVWXG\,QRUGHUWRYHULI\WKHREWDLQHG





2YHU WKH WURSLFDO $WODQWLF 2FHDQ R1 ± R6 YDULDWLRQV RI ]RQDODYHUDJHG $27 DV D







 LI WKH1RUWK 6RXWK$WODQWLFGRPLQDWHV WKHRWKHURQH6WDQGDUGGHYLDWLRQRI WKH UHSRUWHG


























ZKHUH 1&  6&  DUH VWDQGDUG GHYLDWLRQV RI ]RQDO DYHUDJHG$27V LQ WKH WURSLFDO1RUWK DQG
6RXWK $WODQWLF 2FHDQV UHVSHFWLYHO\ 16&  LV WKHLU FRYDULDQFH DQG 1    VWDQGV IRU WKH
QXPEHURIPRQWKVLQWKH0,650(55$HUR$27PRQWKO\GDWDVHWXVHG
9DULDWLRQVRIPHULGLRQDO DHURVROGLVWULEXWLRQVZHUH DQDO\]HGE\XVLQJ0,65PHDVXUHPHQWV
DQG0(55$HUR GDWD GXULQJ WKH \HDU SHULRG IURP -XO\  WR -XQH  7KH0,65
VZDWKZLGWKLVDERXWNPDQGJOREDOFRYHUDJHLVREWDLQHGHYHU\GD\V0,65$27KDV
EHHQ H[WHQVLYHO\ YDOLGDWHG DJDLQVW$HURVRO 5RERWLF1HWZRUN $(521(7 6XQ SKRWRPHWHU
PHDVXUHPHQWVRYHUGLIIHUHQWUHJLRQV0DUWRQFKLNHWDO&KULVWRSKHUDQG:DQJ
.DODVKQLNRYD DQG.DKQ  /LX HW DO  )RU WKH SXUSRVH RI FRPSDULQJPHULGLRQDO
GLVWULEXWLRQVRIFORXGFRYHUZLWKWKRVHRI$27GXULQJWKHVDPH\HDUSHULRG-XO\±
-XQH&ROOHFWLRQRI02',67HUUD/HYHOPRQWKO\GD\WLPHFORXGIUDFWLRQ&)GDWD
ZLWK KRUL]RQWDO UHVROXWLRQ R [ R ZDV XVHG .LQJ HW DO  )XUWKHUPRUH WR DQDO\]H
PHULGLRQDO UDLQIDOO GLVWULEXWLRQ WKH7URSLFDO5DLQIDOO0HDVXULQJ0LVVLRQ 7500PRQWKO\
 [  5DLQIDOO 'DWD 3URGXFW % 9HUVLRQ  ZDV XVHG +XIIPDQ HW DO 
02',6 &) GDWD DQG 7500 GDWD ZHUH DFTXLUHG XVLQJ WKH *(6',6& ,QWHUDFWLYH 2QOLQH






0(55$HUR VKRZHG WKDW WKH 6DKDUD GHVHUW HPLWV D VLJQLILFDQW DPRXQW RI GXVW LQWR WKH
DWPRVSKHUH RYHU WKH$WODQWLF2FHDQ )LJ  D F DQG H:LWK UHVSHFW WR GLIIHUHQW RFHDQV
0(55$HURGHPRQVWUDWHG WKDWGHVHUWGXVWGRPLQDWHVDOORWKHUDHURVRO VSHFLHVRQO\RYHU WKH
$WODQWLF2FHDQ)LJEGDQGIUHSUHVHQWVVSDWLDOGLVWULEXWLRQRIWKHUDWLRRIGXVW$27WR
$27RI DOORWKHU DHURVRO VSHFLHV7KH UHGFRQWRXU OLQHV UHSUHVHQW WKHERXQGDU\RI WKH]RQH
ZKHUHGXVW$27LVHTXDOWR$27RIDOORWKHUDHURVROVSHFLHV2QHFDQVHHWKDWWKURXJKWKH
\HDU SHULRG XQGHU FRQVLGHUDWLRQ RYHU WKH $WODQWLF 2FHDQ ZLWKLQ WKH ODWLWXGLQDO ]RQH
EHWZHHQ R1 DQG R1 6DKDUDQ GXVW GRPLQDWHV RWKHU DHURVRO VSHFLHV )LJ E 7KH
ORQJLWXGLQDOGLPHQVLRQRIWKLV]RQHLVVXEMHFWWRVHDVRQDOYDULDELOLW\'XULQJWKHGXVW\VHDVRQ
IURP0DUFKWR-XO\WKH]RQHRIGXVWSUHGRPLQDQFHRFFXSLHVDVLJQLILFDQWSDUWRIWKHWURSLFDO
$WODQWLF EHWZHHQ 1RUWK $IULFD DQG &HQWUDO $PHULFD 6SHFLILFDOO\ DV VKRZQ LQ )LJ G LQ










]RQDO DYHUDJHG RYHU WKH WURSLFDO $WODQWLF 2FHDQ 2QH FDQ VHH WKDW 0(55$HUR VKRZHG
VLPLODULW\ WR WKHPHULGLRQDO$27 GLVWULEXWLRQ EDVHG RQ0,65 GDWD )LJ D 6SHFLILFDOO\
0(55$HUR ZDV DEOH WR UHSURGXFH WKH PHULGLRQDO DV\PPHWU\ LQ WKH $27 GLVWULEXWLRQ
LQFOXGLQJ D PRQRPRGDO PD[LPXP LQ WKH WURSLFDO 1RUWK $WODQWLF DQG D PLQLPXP LQ WKH
WURSLFDO6RXWK$WODQWLF7KLVPRQRPRGDO$27PD[LPXPZDVGLVFXVVHGLQRXUSUHYLRXVVWXG\
.LVKFKDHWDO%RWK0,65DQG0(55$HURVKRZHGWKDW LQWKHPLQLPXPWKH$27
YDOXHVZHUH WKUHH WLPHV ORZHU WKDQ WKRVH LQ WKHPD[LPXP:HTXDQWLILHGPHULGLRQDO$27
DV\PPHWU\ LQ WKH WURSLFDO$WODQWLF2FHDQ R1±R6E\REWDLQLQJ WKHKHPLVSKHULF UDWLR
5$27RI$27DYHUDJHGVHSDUDWHO\RYHU WKHWURSLFDO1RUWK$WODQWLFWR$27DYHUDJHGRYHU
 






WKH WURSLFDO $WODQWLF 2FHDQ )LJ  ,W ZDV IRXQG WKDW WKH PHULGLRQDO $27 GLVWULEXWLRQ LV




)LJ UHSUHVHQWVPRQWKWRPRQWKYDULDWLRQVRI WKHKHPLVSKHULF UDWLR5$27RYHU WKH WURSLFDO
$WODQWLF IRU HDFKPRQWK RI WKH \HDU %RWK0,65 DQG0(55$HUR VKRZHG WKDW PHULGLRQDO







7RWDO GXVW$27 '8 RUJDQLF DQG EODFN FDUERQ DHURVRO$27 2&	%& DQG$27RI
RWKHUDHURVROVSHFLHV 2WKHU]RQDODYHUDJHGRYHU WKH WURSLFDO$WODQWLF2FHDQ2QHFDQVHH




LWV WUDQVSRUW E\ZLQGV IURP WKH6DKDUDGHVHUW WR WKHRFHDQ LQ WKH1RUWK$WODQWLF%HLQJ WKH
PDMRUFRQWULEXWRUWRWKH$27PD[LPXPLQWKH1RUWK$WODQWLF6DKDUDQGXVWZDVUHVSRQVLEOH
IRU WKH SURQRXQFHG PHULGLRQDO $27 DV\PPHWU\ LQ WRWDO $27 RYHU WKH WURSLFDO $WODQWLF








0(55$HUR VKRZHG WKDW VHDVRQDO YDULDWLRQV RI WUDQVDWODQWLF 6DKDUDQ GXVW WUDQVSRUW
GHWHUPLQHG WKH VHDVRQDO YDULDWLRQV RI PHULGLRQDO GXVW DV\PPHWU\ ,Q 0D\  -XO\ ZKHQ
PHULGLRQDO DV\PPHWU\ LQ GXVW $27 RYHU WKH WURSLFDO 1RUWK $WODQWLF ZDV WKH PRVW
SURQRXQFHGGXVW$27DYHUDJHGVHSDUDWHO\RYHUWKHWURSLFDO1RUWK$WODQWLFZDVRQHRUGHURI
PDJQLWXGHKLJKHUWKDQGXVW$27DYHUDJHGRYHUWKHWURSLFDO6RXWK$WODQWLF7DEOH,Q-XO\
WKH PRVW SURQRXQFHG PHULGLRQDO DV\PPHWU\ RI GXVW $27 ZDV FKDUDFWHUL]HG E\ WKH
KHPLVSKHULFUDWLR5'8RIDERXW7DEOH
:KHQGXVWSUHVHQFHRYHU WKH1RUWK$WODQWLFZDVPLQLPDO WKHFRQWULEXWLRQRIRWKHUDHURVRO
VSHFLHV WR WKH PHULGLRQDO GLVWULEXWLRQ RI WRWDO $27 FRXOG EH VLJQLILFDQW ,Q SDUWLFXODU LQ
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